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ki 9 v * 9 w ommm. * fam-t %> it^m £ mmfr ttaiio 
im?m 3 ] 

&*&<o s *Vi& zxr\bm<odnt < H-^twimot, aski* -s^mm 

^^© : PIK*J:0 r ^*o^4< fc i-J«/;fe(7)ilt^oT, ASK1* w^R^ft 
* <W&«<7> T # h - v * * WJ-r & fb-g-W * ^ - Ki- S * * V * f - KlBB^lI £#tr ^ 

5 ] 

Kit > s*?M<n *-r-nm®.* mm-r * *fc#« > ^ttin a c * »t a ASKimRNAoiiiR z mm 

■f & ft-frtt x is * C i3 It a ASK1 Jtfc^O ^ * BE*-** -5 -fb^% 

[ll&fl 6 ] 

W^OTOi3«fctfte^<>fc < H-jO/;J6©lif*ot, ^HBJ&Kis &AS 
Kl * ^ - -tfStt £ & fb^%> <bJB*Il& fc *5 It * ASKlmRNA033ilR£ IS* 

■t ^> tt&tto , is <fc Wfii ffllfe K & n 2> ASKlst te=F<Dl&2§L &m&-tZ 4k&to *» & 4 * 6 

t^t, mta* * is** vmnafl. h&ib* 9u**vmmo&mz&w%mmw.mKtt 

M&kffiMmz&ifZASKl? W**g04r^-^M1£fcl£#i-Mb^7&*, ASK1* Vr? 

<D'j?% < ti> -mmx$> & m>m sztiite iztm^mmo 
umm 8 1 

MfBASKl 9>^9 M<D K ^ •? y Y * ft 7- 4 ASK1 (K709M) . ASK1 (K709R) , AS 

K1NT, ASK-AN(K709M) N ASK- A N (K709R) ^ <b 4*»*»ibai^$ *L&4>& < ^-^S^^ 

BtrlB^«t*^tt*ASKlmRNA^1im^ia«1-a'fb^%^> T>^-b>^DNA, 

4 tilt 6 KflBltoBXe 
l o 3 

HtrlBRNAT^O^iex^RNA^ ASKlmRNAIB^iJ^ -?-<7)ffiffilB^J. 4fett-€-iL60— fflOKyfl 

[If ^ 1 1 ] 
[Hf&n 1 2 1 
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, aski^ >s**mmmi-zT#h-i'zv>99M*i%m£Lx, mmmmt&ysfrbs & 
^(D^ma zvmm<o&* < ti>~^<Dtz&<Dmm$,fr*M$:.-t2>x.mz'ktrx? u- 
~ y mm* 

[If ^ 1 3 ] 

1 4 ] 
5] 

< *ofc*os^ijft5'*ai^'t*xs*-S'tf^^y-->'^So 

[»*^ 1 6 ] 

^o^Hr^ J: < k *<0/s*W|g|l*«-*a^'i-4Xg*#trX^ 'J 

im^tm 1 7 ] 

^±<D^mis x ■u t mm<o&% < ti> —■%<Diz*><Dmm<oA* v - - > r-%mx$> o t 

^©TO* J: ATO*©^* < #<0fc#S>B*}£5fr&»#li-SXg*:'&tr** v - 
[M*^ 1 8 ] 

< t i>—j?<Dtzit><Dmmo 

[W*3U 9] 

2 0 ) 

^/p^O^Kf^ ira^^'fc < k i-^^fet^ot, ASK1* >v<*Strtn!MM-a 
H*#£2 1] 

[«f**2 2] 

8 0v>r=K^m«0^lft£J:tf^O^£ < fci&oE^fc. H^±im£*L 

[»*«2 3] 

8Ov>i**t3ft»jciB«O : PI»*J:0 r ?&*O^*< t i>-~-fie>iz#><Dmm*. m&±vt&2*- 
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[§tw<D%,m &7p&(o : f>m& xvt&mo'j?* < t%~-)3<Dtzit>(omm^ y 

[0 0 0 1 ] . 
[0 0 0 2] 

[0 0 0 3] 

[0 0 0 4] 
[0 0 0 5] 

ASK1 (T*° h-v* *sy±)\<mn*-f-^ 1 ; apoptosis signal-regulating ki 
nase 1) *wc*«M\ RJ6ttO»3lfaK*5Mt**i-^-f h v x >fiH£<fc:/n x > * 
i--l£*i--Ji*i--l£ (MAPKKK) ^oT> c-Jun©N3fci»*?— *? (JNK)^\ p38MAP* 
^-•b**Mtt^k1-* LxmfeZtit:* (WR^HR 1 & «t 

15#I) o ^M^fctie^tdfgttll-e^SASKl^^/f^SOiififlS^ m*%m 

**»*-r * t # h - v * ^ ask- ' - aaia t?«j iwi $ 1 1 $ ttr v> a 

[#fr:£i§£ 1 ] 10-000093 -^fll 

[^Mflr^iSfc 1 ] Patten, R. D. , Udelson, J. E. & Konstam, M. A. 
&t 2>'kM y ^=7* x ) > yt ^(D^^j (Ventricular remodeling and its prevention in 

the treatment of heart failure) J (1998) Curr. Opin. Cardiol. 13, 162-7. 

[##lr^Cjifc2] Olivetti, G. , Quaini, F. , Sala, R. , Lagrasta, C. , Corradi, D 
., Bonacina, E. , Gambert, S. R. , Cigola, E. & Anversa, P. I"t: KUtt'kifrffiS 
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tt, <LMO!£&m^&WZrfvy i 7J*ffifflffiMkm : M1r2> (Acute Myocardial Infar 
ction in Humans is Associated with Activation of Programmed Myocyte Cell Dea 
th in the Surviving Portion of the Heart)! (1996) J. Mol. Cell. Cardiol. 28, 
2005-2016. 

I^MffrJCiSfc 3 ] Cheng, W. , Kajstura, J., Nitahara, J. A., Li, B. , Reiss, K. , 

Liu, Y. , Clark, W. A., Krajewski, S. , Reed, J. C. , Olivetti, G. , et al. [ 
7 7M:*}t^yn^7A®Kli, WM'ik<D>^>kffiMm~%m* J l-^Z> (Prog 
rammed Myocyte Cell Death Affects the Viable Myocardium after Infarction in 
Rats) J (1996) Exp. Cell Res. 226, 316-327. 

[#M$lf £$£4 ] Hirota, H. , Chen, J., Betz, U. A., Rajewsky, K. , Gu, Y. , Ros 
s, J., Jr. , Muller, W. & Chi en, K. R. ^gpl30^m^^^^5^:^|{±^ Sc.it 
^ft* b V XTK&tf &^^3§^&£lft#SlT-& & (Loss of a gpl30 cardia 
c muscle cell survival pathway is a critical event in the onset of heart fai 
lure during biomechanical stress)] (1999) Cell 97, 189-98. 

[##ff-:fc$£5] Ichijo, H., Nishida, E., Irie, K. , Dijike, P. T. , Saitoh, M. 
, Moriguchi, T. , Takagi, M. , Matsumoto, K. , Miyazono, K. & Gotoh, Y. TSAPK/ 
JNKis X tf p 38 *y £ Mtt-f tt & lffl?L«MAPKKKT- tb Z> ASK1 KX&TtfY-i/X 

<£>l§3t (Induction of apoptosis by ASK1, a mammalian MAPKKK that activates SA 
PK/JNK and p38 signaling pathways) J (1997) Science 275, 90-94. 

[^MSMHvfclR 6 ] Saitoh, M. , Nishitoh, H. , Fujii, M. , Takeda, K. , Tobiume, K. 
, Sawada, Y. , Kawabata, M. , Miyazono, K. & Ichijo, H. [VftftM?-* U K3r v > 
(i. T#Y--i'XZ'yj-)l>fflffl3r-r~-{£ 1 (ASKl)«rtt^|5a#-rS (Mammalian thior 
edoxin is a direct inhibitor of apoptosis signal-regulating kinase (ASK) 1) 
J (1998) Embo J. 17, 2596-606. 

Tobiume, K. , Matsuzawa, A., Takahashi, T. , Nishitoh, H. , Mor 
ita, K.-i., Takeda, K. , Minowa, 0., Miyazono, K. , Noda, T. & Ichijo, H. TAS 
Kl it „ JNK/p38 MAP* i~ - V <DW *»ttft t T # h - */ * \Z&WXh & (ASK1 i s req 
uired for sustained activations of JNK/p38 MAP kinases and apoptosis) J (2001 
) EMBO Reports 2, 222-228. 

[0 0 0 6] 

-^Wis x vmmv&it <ti> ~n<D^mtn % mz^^mm^m^^^ - 1 * 

[0 0 0 7] 

a'Mffi«*&o;£g'j v/tEftffft^figvtT"; >y*. ASKiy ?*y* 

(2<frRC3gJR4£ft:& «t tfifilft^ C^^ri:, ASK1 9 >s** @gfc*fc X «9 , >bffi 

um&xu t &nffi&(o&gv*Tv>yi l z&w&Mftn<DWfc&ni&Titi>%ifr&& 

[0 0 0 8] 
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m k ^ »t & aski 9v*9 %<r>m&m> * * ft** * t -t %> mmx& $ , * 

[0 0 0 9] 

^l&WO^^P^O^ISfr^iCff&iRo^ft < 2rO|SXrcJ:ftf^ ASKI* W?*®<D 
«tfe5£S * § & P> . 01 £ If , it^ftofc^ V * f V > * is it & 3I*t1±<0'M«JR 

»atefiT«:Wnwi-c*ao l/;^t, iiif, »je^, «#m^> ^ 

[0 0 10] 

Ztz, *mW<Z>x?V-->m&K£titt, mZ.it, 

it, man. wmste&wttem^&ommsvsntK&o 
[0011] 

*§&miZt$\,>X * ASKl*w<*Rl±, |fOx.ff> Pf?Lig<£> ASKI *>/■?*«-??& *K jfcFt L 
b ©ASKI *K J: «3»i U<tt, GenBankf-^^-^a»*-^D84 

ks** l< it, *&w<ommzmmir2>&.m<DkSKi9 >^?nv>r 5. ;mmmtm-i> l 
< \t%>s. m—<o 7 ^ j wem* % * * aski * 0 buEHKi^i— © t 5 j mm 

mtLxn, mz.it, vE&i<Dffim&tfm 5 0 %jbl±, s?iL<wti&6 o%ja±, iosFt 

L < 7 0 %JSJLh, § & izft % U < 8 0 %m_t> L < 9 0 %JSL±, * 

4»i L < it 9 5 %a±«75^ie^JtJbot, ASKI* >/^R©fittt*t* * 

[0012] 

js *t * aski * > * w<Dmm%m. * mm-t % w&m * t-t&mmx&tum km 

R$*iftv>#, TIB (1) ~ (8) ^J8***»f?>^*o 

ommit. aski* >^*«^st-^i>Mis©7^ > -~>*£tww?"Mb^w*^r3&ja 
(Dtztbnmmt, >i>Mfflmz& #a aski* vA^so^t-^tt^iftsMS:*- 
©ex ^>Mjfct-:mt3 aski *>-;■?*«© gey yni^nti^t 

(4) Hi* i Cteio^ft < t 

i> —yj<D iz*><o mm a , ^mmmi' & w & askidienao mm * s wi~ ^ * ^^j^;^ t 
•t&mmx&Zo 

t — ^ o ^ * © eib it , jnh j& c * s aski jh*^ <oi&n-*m.m-tz> vc&m 

tlr&WMxh&o 

(6) *&W<o2t > iz<t(om<D : }&m£LX, *%W<D<byf£<D^®i$£Vt%!m<7>'J?%< t 

ffi|E# 2004-3078794 
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(7) ^o^^tifiDMitLt, ^^^^^^l^^iTO^^^ < t 

t £ my t?£ & i t&m * mm t -r & ism -c* & 0 

[0 0 13] 

ttrlBASKi ^>/^®<7)^r^ - jgft * s > t a ilfr weaski ^w^sog 

BU &4t&mt LTti, WAlf, ASKl^ >^^@l-#Mfl<)*^LASKlgL#^ 

* if h ft* o Huie^LASKl^L#{i „ # V * n - ;W#l#:-T? 4 ^& 7 ^ n - -J- & o T 

TWTKJfcASKlSMMi, Jfc#Wffi"C* o T J: v>„ tttlBfiLfltBrfr LTtt, fHJx(^ F(ab')2 
, Fab, Fab\ *3 J: mw *7 7 * > Y^tf&lfhii, :<i^77^>H±, 

3 *LT *> iv'o £ fc N IWIBSbASKlSittWu +^7^f|)ot^ 

[0 0 14] 

$ <b fc. HuffiASKl 9 >si ? M<D * ± - -te*®f££ & Ifc^. £ fi TftiMSKl * W< 

•fir * •rm.mfotfM htt&o tJiBASKi k 5 ±y y*i?7-4 ym&ifcte, aski 

<d * -r - i a u ^SMtiSBu *j «t tm-g-Mto^ 4 < 1 1 — o * if-e § * t o 

•C*tLtf % #fc«|R3*Ll% Mz.l$. ASKKK709M), ASKKK709RK ASK1NT, ASK-AN(K709 
M)> ASK-AN(K709R)#7&*£lf btlZo UtTlS K709M tsZTf K709R l±> ASK1* W?^ff<£>70 
g*^^ 1 ; ^✓{I0#, -?-tL-r^^^^-^(M)i3J:0 f T;V^-^(R)^gmL7>:i fc^^L 
, TttffBASKlNTJi, ASK1* SK? MON*3^j&T&a 1-6 4 875 7 
& * HiflSASK- AN(i> ASK1* >/^gOC$jgft-e*S 6 4 9 - 1 3 

[0 0 15] 
[0 0 16] 

mifiASKlmRNAO^i?=Sr|5a«-r^<b^fc LTfi, Wilt 7>f •b , /^*° 1 ^ ^ Vtf 

L, ASK1* fcOT'&tUf, #KflHIR$*f*% T >"f" 

-tr>*DNA, 7>f-te>*RNA, T >*DNA/RNA3M 9, *3 «t ir-tOft***^**/ 
^tL^,o friBT^^-b>^^'; ^ ^ W^"^ V<DWm\*. ASKlmRNAOffi^ie^J 1 t tzit 
*SWCP!|-e*4it#jfiLv»o *3&9§fc:*5V>t\ ASKlmRNASa^Jti, «x.»dT. Wi?LS 
OASKlmRNAE9!lt?* *) , tfrt Klitf OASKlmRNAK^J-e* »K «t «9 $f 4 L < (iGenBank 
■7*-^^-^^it#-^ D84476 0@B^iJ-e* •) . $ K# t L < tt*H^OEi*lffit5 
,H#OASKl«RNAlE^I PJ— t fe»4|^KRI— OHE9ijT*4o frlB*Kl5j-<0@e^J t Ltlt 
0U;Ll£> E^JOffiratt**#& 5 0 %m±co@e^J-Cab <9 > Sf 4 L < 6 0 %£JL±, J: •? »t 
t<ii^7 0%JBJL±, $e»H0*L<»±»8 0%J21±> L<ttft9 0%J2JLk, ft 

tiff a l< fi9 5%m±ois^j-e<boT, ASKi^v^^Kor^yBtieyofcra— & t< t± 

[0 0 17] 

zbtzmmkSKifmkvmmzm^-fzit&yatLxte, mm, rnat^o^^orna^ 

^If^tL^o trlBRNA^Ofe^ORNAi: LT{±, Mx.&. miBASKlmRNAie^J k IS^iJO 
— ZM, *fett=S:fllRNA*«*»f?,*L % ff^L<fi> •mflBASKlmRNAS£^Jt|Wl-SS 

ttliiE^ 2004-3078794 
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?iJ?)-SI£RNAT?&o-C. $?>lC«Fit<tt, 1 9-2 5J«^V*f-K©RNA»fM-*»e>*4 
[0 0 18] 

tiri2ASKl* W^KOfttfrffcH^fc LTt± % 0dx.tf, Daxx, TRAF2^*&tf "btu ItflEA 
SKI* WRCJ: <9fett<b$tL^>@^-i: LTI±, «itlf, MKK3> MKK4, MKK6. MKK7, JNK 

, p38 mapk ^?-ft*&>ifbii& 0 ztih<Dtipx~t>, ^§tm<Dmm<o—^mK^x, 

fri!)m^1-&mmASKl9>s*?nK£ VftmtZtLZm^t LTW\ MKK4, MKK7, JNK 1>* 
[0 0 19] 

ti&ik&vsKL^ wz.i$, fcttmmt&ms ^^mmit^m, dna, rna. <*-?rh\ 

< fc*> — l5<Otzib<DWM<DZb-kZ>— J&mt LTI±, TIB (9) (D^m^M hfl^b 0 
(9) hiz^r(Dm<Dfmt l-c, ^S&W^^^^ira*©^* < 

[0 0 2 0] 

^t/c(±^-^-n^;K^DNA^^RNA^^Sr^-e§S 0 JMfc&Kti. frffi^** 

^7V>i-f-; K^-OV*^* *-#tf>^ fl/*^**-^ P CAGGS(Genel08, 193-200 
(1991)). pBK-CMV. pcDNA3, pZeoSV (^>t*hny>tt||) ^(7)^^^;v^^^ 9 —ifitb 

[0 0 2 1 ] 
[0 0 2 2] 

«x.tf. MP&#^#MlP&#ri s &tf<b*U WEMPtR-^fc LTIt Wilf, Pfl£F*ItS: 

> S^iata, «:#«i»^jEStT, «PS4«I> «*»U 

•s-ai , §T#k mh^k »#j> &t, art) , asmmwib 

ifbtiZo ttz, m^mn^mt lt«, mx.}*, «*>u «k tfcau »3fc*u it^j 

[0 0 2 3] 

ttiaE# 2004-3078794 
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[0 0 2 4] 

x.t;f> in vivofe^ex vivo^^tf ktl&o HulSin vivo^^{i> MBH, BW)<W£& 

, m®m&mz&ctzmm%&5-mmz£ ^-^-stia,, ^iii, & 
L-cii, ^jx.(^ i*^ijy *°v-a ttzte&w.%mv #v-j*K£&mxm, Hvj-y*°v 

©*§# t & 2r£, naked-DNA^Ifi&alAft, IEm#*° V v - |c J; & iAfef 

[0 0 2 5] 

7^&x$>tiimi<-®m2i'i%^i)\ Tib (i) ~ (8) (nimtfhwhti&o 

(1) ^WV-l&mt L-C, ^HJ^^/F^r<7)^K^J:W ? ^o^^< t ^-^(Dtzib 
(DMMOXfV -->-^v*(±. ASK1? >^JC£ ? §iS-r&7*° F-y^^J^h 

(2) *^<7)-€-0>flfecD^i: LT, *%W<D<L^£:<D=?®is XTfxbmo'pti: < t *>-}j 
<7)£i6£>^|<7)** 'J ASK1* ^^^K^^^-^^fSttPW^^ 
tit, Ig&H^lbiH^'b. W^f^i«o^^< t S>-/j«o£*6<^M: 

(3) #3&§J!©£ bKt<Dm<Dl&Mt LT, ^ig^^T^^^i^^co^^ < t 

-^o^46oe»<^^ * y - - > ^&f±, aski * ^ ? m<d g 5 y >BMb<*>E&#**& 
a xg y -->^^*a 0 

xefc-g-tr;** y --v^ffi-e**. 

S Xg 4r^-tr * * y - - > ^ftT* & o 

(6) ttwoz h\^<om<oT&mt lt, ^iBO'toF^o^ifcfc j:tf^*o^ft < t 

(7) *&W<OZhl,z*<Dmv>Mmb VX, *5£W<D>b7fi<£<D^ffii5£TfWim<D'J>%< t 

i>—jj<Dtzi!><Dmmv>x*v-->yj3&te> aski* w^ftKrattflssftsB^ia* 
*> -*©fe*<oisaio^ * y - - > mmt, >km y ^7»y > ^(om^<D^mm^T<o 

[0 0 2 6] 

HliE# 2004-3078794 
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<7>*-$jj&# £LxmmLxt> x^l, msmmmj&frtf, m k ar, # >; * ? v * + # y 

ft«^HS*ffc'&«. fi^f^Wk^Ws DNA, RNA N K> It® 

[0 0 2 7] 

4 8 &&»L*:ASK1* W^Kfcif) ^%p-r^«> t ^{itrlB'S'tMtt^ASK-AN* 
[0 0 2 8] 

iriASKl£rC#: * ffl X^mtW L-ASK1 * % * @JR LT „ *<D*i— * & 

ztx^ aski* >s*?M<D*i--j£m&.*mfflX'£z>mM*&$i-tzx* u 

[0 0 2 9] 

ASKl«:#«rfflV»T^ML^ASKl^ >/^RtC^L"C©LU >BMtASKl*frft:*fli v^T * x. 

7.?>fuy b^tfv^ aski* ymt*w\x%hmn*mi-$z>7s>7 

[0 0 3 0] 

tf, **J#S«ft*»#fcTfc**ifflJ&2 fclitt»4«*^ w^f«HiU ASK1*> 
[0 0 3 1 ] 

xjf. XjinM'fkM#ftTK%«injK£ fctt»*^j*;fr&«i^fcJiu*u askidirna<o^ 

[0 0 3 2] 

TWSBASKl^^^^KHioTmtt-ffc^tLSH^OMSrt&IRi: Lfc* * U > 
fcLTii, *flt»C»±, mi8'®tt#ASK-AN«rl&ai-&JWIJia4^tt«riBia#mi4 

MKK3, MKK4> MKK6. MKK7. JNK, p38 MAPK^C9?£1±. 2tf£ L<fi. MKK4. MKK7. JNKO 
f&IS- 4: IHBi- £ CI 1 1?, ASK1 ^W^RKio Tf&tt-fk $ tL4 £ H#"t * £ 

[0 0 3 3] 
[0 0 3 4] 

ffiiE#2 004-3078794 
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TUB (1) ~ (6) <DMm&&lfb tiZo 

ASKl? >^^K^il^i-^T^ h - ^X^WU-T^ ^ 4: «r£-trp|S!i*5 X V\bm<0&tt 

(2) *^©f©MIi:Lt, ^BJ^^^O^K*3J:^5»0^^< t 

o # £ (i , ^Mlt t~ £ v> t ASKl * > /< * K ^ * - 4f Ste £ Pl#1" & - t £ & ^ Ift is 

(3) *mM<D2bl,zZ<Dftl<D : &mt LT, ^l&B^^^TF^rO^^isJ:^*^^^ < t 
fc-^^ftti, <W£«K£v>TASKl* >^^f<7)g5'J Vlft^Mt^ - t 

(4) :£f£HJ3<D£ kK-e-^fllW^h LT, ^^^k^r^l&is J: Vtemo'J?* < 4: 

(5) *^O$f>l:-?-0f«J:U, ^H^O^^rO^^^irf^O^^ < t 

(6) *Hi©?f)i:^Wiat, ^HB^(O^^^Ki3 irf^^ft < t 

ti&^s&^-f & - 1 z^tt^mis z xftemv'j?* <ti> -is<D^mx$> %> 
mm<vt&*), ^M&zvttmo'j?* < t i>---%izmLxmi>M%:&)%i><DzmiKir2>z 

ttfX£& 0 
[0 0 3 5] 

^■£<7)&J:ix<D$>2>>km&tLXlt, mx.lt, foffiUM, i^lfiiJE^ ^M#JB^ <bH 
[0 0 3 6] 

ufc^fr* i><ox*it%\,>o nmzmL, itw^^iv^;, 
mmm i ] 

[0 0 3 7] 

(ASKl J v?TV fv^^fc^f^) 
ASKl S v tTW-WAl*, BE te&^O * £ C57Bl6/J^OF61it'ft<7} *> O =H£/B b (To 
biume, K. et al. (2001) EMB0 Reports 2, 222-228.) , ^(D^WM&M^ ^ ^ (WT"^ 
*) tLX, ^1ffiiim4$X&Z>C57Bl6/J-?<yxZifimLtz (Japan SLC, Inc. *±$!D o 'fcjffi 
1f$tM*7 T )l'&£V l M%!>ffifr*:W}B.M^ (TAC ; thoracic transverse aortic constriction 
) *f;wfci6^Mjlili> 10Mffii<7)-?*7AifemLXi5Z%:^Jz o MfZ'kffiMmi*. 
XMfctm<Dt&*)lz, £Itt©^tMi:J: *)3}&fez\ b (Otsu, K. et al. (2003) 
Biochem. Biophys. Res. Commun. 302, 56-60.) . Sfc, UriSTAC^-gJi. JcM.tZMZM<D 
b$$t)izft^tz (Date, M. 0. et al. (2002) J. Am. Coll. Cardiol. 39, 907-12.) o 

[0 0 3 8] 

Ot^n-^at) 

^n-^^ii. **2.5%<QT (avertin, 8/< l/g)-e$cg£U ultra-son 
ography(15-MHz^iW^&3?£#x.*:S0N0S-5500, Philips Medical SystemsttM) £JS 

ffifE# 2004-3078794 



mm 2 0 0 3-2 8 1 2 8 1 ^-v : 9/ 



V>T^TL7t 0 «t±, JftiH$&4lb;&fi&JI$&Br@l (two-dimensional parasternal shor 
t-axis view) TrlHfeltU ^^+5^ (midventricle) <WE- K^^a-BBtt, %MffiV> 

[0 0 3 9] 

Ok * t - x x & >vm$m<n> 4vyf. xms) 

>b*7--T)l'&<Dtztt>K, 1 Oj&tfrOv***:, 5 > (ketamine 50-100 mg/kg) £ 
*->7^>(xylazine 3-6 mgAg) £ fcKJSrtftat Lt, JfcftLfco HfTlfiv 

**0£S«frlR*S'*U :fclRfclBf&©fc*i«K JfM# (TCP-500, Millar Inc.) K&m 
£ ivtzl. 4 French Mi 1 lar# t-t £ £ b KJj - U fcffA t (Nakayama, H. et al 
. (2002) FASEB J., 02-0474f je. ) Q ffifBB* T-T ^fclMrlBSl&IRfcJf A L£gL miE* 

Ate i ij^SL/co 
[0 0 4 0] 
(&>8^fi<rt5?flf) 

7>r H^/dnWM^Hfco ^vh+y'J > • ai^-v> (Hematoxyl 

in and eosin ; HE) MJfclivy y>h'J ^n — A^-fe (Masson-trichrome stainin 

g) *3t«iSDM-K*tL"r^Tofeo 
[0 0 4 1] 

>f ^tfh nK£tf£ASKl* >s*?M<D*1-- : emm*. Vkmi-U$L2titz£&l), %M 
tt^t-ifTyt'f KJ: l)ai56Lfc(Ichijo, H. et al. (1997) Science 275, 90-4. 

Xfo^tz (Saitoh, M. et al. (1998) Embo J. 17, 2596-606. ) Q 
[0 0 4 2] 

(7*°b-->XOfHiBi) 

>-dUTP-7^x^KS (TUNEL) 7 y KXft o £o flTiBT ? -b>ft± % W > 
(in-situ) 7*'f-y^ia^^ (TakarattSS) ^ffflU, «36*#OlR 
«HK9J#Kf£v», rt'yVA >KMlt>5Ltilfz>kmWftteMLXft^tzo TUNELHH£«OS[ 

x4o nm\syx-Q®K&te.*m'<x®Lktz 0 v*< ^^©tmcov^ft 3*<k"/ 

ntfy^A (propidium iodide^ Vector Laboratories IncttM) . TUNEU &£Xf, Zfca 

-*t)\,**T {mmmmm T*^>fofc*m\<*tz=mm&*ftotz 0 

[0 0 4 3] 

(m&M yyh <D<b&ffii®m<o%}tttgm £ Xfr 7y*.4) 

^#L^(Hirotani, S. et al. (2002) Circulation 105, 509-15. ) 0 'U'%i£'&.fc<DA 
SKI (AdASK-AN) t-tzit^ify^ Y 9 sV—M (AdLacZ) *&mirZ> Ty*Jt> <i * 
-»±, JMKK®<at:fcOT-;fc& (Saitoh, M.et al. (1998) Embo J. 17, 2596-606.) o 

mi^izo 0 BS^f* 1 t L/cffi^tiMli, 3-[4,5-dimethylthiazol-2-yl]-2, 5-diphe 
nyltetrazolium bromide (MTT) 7 y -fe-f frCfto'v^Cel 1 Counting Kit-8 (Dojindott^ 
) fcffl^T, 3 mmfeLtZo Hoechst 33258K J: S«^fet±, 16 0 ^MOiS 

[0 0 4 4] 

(MAPKU >mt<Dtfife) 

m*v>3&<om&4tn, -t»x+7 f 7 ^h^, ifey ^fMfcjNKffifrifciiffiy >m^p38 

ttJSE#2 004-3078794 



#0 2003-281281 



s<-is : 10/ 



[0 0 4 5] 



^i^i*l±, TO±^H^(SEM) tLXTFhtzo M<DT-7lt, Student's t test 
T-ML/Co -TtmWKD^-n^ (ANOVA) ^*>7xn-z^litf (the Bonferron 
i's post hoc test) t tzltKmmfcfrWt.frtit (repeated measures ANOVA) &mt%L 

(multiple comparisons) KlgfflLfco P<0. 0 5 Ofitii, MW-^^^-e*>^ i: * 

[0 0 4 6] 

(ASK1 J y77? Y-WXI,z&tfZ>,bm<D!WmtW) 
KSKKD7 y 77V Yt?7 <D'km t , ttWM&M (WT) v ^ <7M>M t & JfcJj& L*r 0 AS 

TIB^l<7)i:J3*K m^OffilzmMbmimft hixtzfr^ tz 0 TtiTlBASKl s y 7 7 V 

7^ h^^^O)KjfflJSO«J»flS««l±, ^Ifl*tR5WTv^^©-?-tLtMMti*^o^ (ASK 
7 y 77*7 h 338±12^m 2 fiboT, ^WT"C{±, 328±12^m 2 Xfb-otz) 0 



0'£.^i©ttH £ , 10il*fro v * 7 iz & it & 'il>^ 3 -*fe2t <M iJT-r- 

^nc^-t 0 f^l^W^iM-^- KM^k^-^Stiao— flflfciai AW± 

S^^-fo HBIfc^T, ASKiy y?T*r V v V 7 i±fcffll?$> ») . MRSWTv^^tifeffllt 1 
TIB^l is itfH 1 A^^i-i o KrfaM«BJCfev>-c, ASKl^ ? 7 7 <7 V t 

, i5 «£ £>*^ffi Cifl, jfiLfrfijig t* — * £TIE^c 1 H^"to Tlfi^l KTF-tX ? fflBJfll 
J frl&ltT , -*K:i3V>T<k, ASKiy y 77? Y^V7 tMMWT-rV 7. tX-ii, tfjftfcgliB 
tbbtL*£frvtZo &±<DmM>frb, ASKiy y 77*7 hv^^jj*, JE#*^»0^fltfl|ji* 



-JfcEifcfc «fc £ W > if X<0'bm<r>*)-4 X kmf&<oMffio 
fm.m^-^7 4y ASKl-/- (n=5) WT (n=5) 



[0 0 4 7] 



[0 0 4 8] 



(g) 23.0±0.8 

'bKSft (mg) 106.8±3.8 

MM (mg) 75.5±2.0 

(mg) 20. 4 ±2.0 

(mg) 8.7±1.3 

JE#S (mm) 16.8±0.1 

(mg/g) 3.29±0.07 

££*/K#ft (mg/mm) 4.48±0.11 

£STO$JE (mmHg) 86.0±2.0 

£^}£3S*38iE (mmHg) 0.9 ±0.9 

max dp/dt (mmHg/sec) 6600 ±270 

min dp/dt (mmHg/sec) -5300±440 

'ktt (beats/min) 413 ±28 



23.6±0.2 
106.0±2.2 
74.1±1.6 
18.4±0.7 
10.1±0.4 
17.2±0.2 
3. 14±0.06 
4.30±0.11 
83.2±3.0 
0.5±0.3 
6320±490 
-4900±360 

393 ±28 
WT (n=10) 



n. s. 



n. s. 



n. s. 



n. s. 



n. s. 



n. s. 



n. s. 



n. s. 



n. s. 



n. s. 



n. s. 



y ASK-/- (n=10) 
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££*£3R5fc*B& (mm) 
(mm) 

&^F«3@ffi«f^ (%) 
W3&A'bM.*mW (mm) 
teSRJtSSSfcM (mm) 
'kid (beats/min) 



3.84±0. 08 


3.92±0. 06 


n. s. 


2.33±0.06 


2.37±0. 06 


n. s. 


39.3±0.8 


39.5±0.7 


n. s. 


0.68±0.03 


0.70+0.02 


n. s. 


0.62±0.04 


0.65±0.03 


n. s. 


528+14 


531 ±15 


n. s. 



±12*14-. ASK1-/-MU ASKiy y ?T*7 h**U nli, tft-frJkSr^L, n.s.ii> 
&M5m#>'c>*L&v>£ t£*U max dp/dtis «fc tfmin dp/dtii. -ett-TtU JEM6JD3 *s i If 

[0 0 4 9] 

ASKiy y h^yxtMmm^vxv&mwjMzm^kttkWL, >bffimM*3\%mz. 

Z-ttio 'MK**fc:&v»"T\ yt7"J^^tt, ft\ MflfeOfflMtHIW^Xlx (side-s 
ide slippage) CftoT4C, U *LT, MAW t#M1±v 

fctt % lO^H/^*m4«i:|S:io^ ££**ffi3*U £Sft#»< 

JRiW^ffl3&*1B:T-r4o miB^W«!«»^-¥-JW¥W5Bt:sp (24B#F^f*l) ti. ASK1 

y ^fcijita, ASKiy y*r* h<^>f >if#tc*»tsAa^fl&i^#*iFfliUfco mm- 
motztbK, itxa-uaEftt, ttriB^^«Hfr, «nB«t*o2aM^, t^mM 

*04jIWH&£. *«8>£frofc 0 *©ift**TiBfE2 fca^U -€"0 i^SJIiM-^- 

**(ASKV-)lifcfir?*iK ^BBWTv^XtefiT^So flriE*fcS4jIRJ&o;fc£ 
4£5K*WS (LVIDd) , -&W.Wmi£M® (LVIDs) is i ra^rtSffiJBi* (FS) Sr Jt« L fc— W & 
HlBlftC^t. P30i3 J: 0^35^2 ic^fii^ij, ^®m^Ml£3S*«@^ «t tfJR. 

*a*jwstt, t *> izmuaLtztf, *<DWUa<om8ti±. aski^ ? ? y (ask-/-) j: 

(r>WP<r>n.W&, aski ;^7f h^^xiH jMWTv ? * %-fr<?tz a 

tL**»ofc 0 ^ttM^^4^^^MMWT^^^O0m4*5i:y f Wt^^Mifc (J»/ 

ASKI J ™j Yifi^ 153.3+3.3 mgT'*)!9. WfiBWTtf*. 204.5±15.3 mgT'&o/Co ttz 

, tt/fltffctt, ASKiy y*7* h7&*> 5.63±0.24 x lO" 3 -?*^ ttKSWT^ 7.65±0.53 x 
10- 3 X~$>-?tz) o 
[0 0 5 0] 

ASKI 7 y £ T 9 h (n=14) &Jj£ ;v 2jj |g£ 



(g) 24.6±1.9 

■^MMMimn. (mm) 3.64±0.09 

Zc.mWfeMMm (mm) 2.28±0.06 

£lfiSii$ (%) 39.1±1.7 

ttSWW'C^^BIOT (mm) 0.68±0.03 

KSSii^M^Jl (mm) 0.62±0.03 
TOUiJflLjE (mmHg) 107±2.5 



25.4±1.0 
4. 33 ±0.09* 
3. 78 ±0.07* 
12.8±0.4* 
0.34 ±0.04* 
0.73 ±0.03 
109±3.1 



27.4±2.0* 
4.72±0.16*T 
4.05±0. 19* t 
13.9±1.6*t 
0.37±0.05* 
0.77±0.03t 
108±3.8 
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'frtt (beats/min) 

frflEWT (n-8) 

#fi (g) 

£^&3g*»J# (mm) 
£gJK»*»|& (mm) 
(%) 

teSSOW^fHSttff (mm) 
tt9»B££&ttJ* (mm) 
JRSIWiflLE (mmHg) 
'kffi (beats/min) 



625 ±20 


615±10 


566±14 








23.3±0.8 


24.5±1.3 


26.5±2,3* 


3.75±0.06 


5.72±0.24* 


6. 17±0.3* 


2.37±0. 15 


5.23±0.25* 


5.65±0.3* 


38.8±1.0 


8.8±1.0* 


8.7±1.0* 


0.73 ±0.02 


0.33±0.02* 


0.31±0.01* 


0.65+0.06 


0.48±0.06* 


0.55+0.05* 


104±4.8 


104±3.9 


106±4.0 


604 ±5 


613±4 


576 ±6 



0 4jlH^WRgWTv^^^LT, P<0. 0 5t*^o 
[0 0 5 1 ] 

K , ASK1 yy*7*h^*xfc W.BBWTt * * o Jft« G^fi 1 *a&JR «r HiH (TAC) WkW L 

£ «fc IWMBJMT t m& * m < o TAC&® J: S JBEft 'J * r <; > ^ £ »t 

HrlBfl^ft&lttfN iWSB#k«<02iira3£. £ j; ffffis^f 04«fgti: 

n-^iaw— 1 ATiC^t. rag|H^v»"C^ ASK1/ v *T*J h^^^ii^mx 
«-R8Wrv^x»±i£fl|-e*4o tulSMi«4il^^^^5S*«#(LVIDd). £ 

^^*W#(LVIDs)i3iO f ^I^M»(FS)^Jt«cL^-^l^!ll 1 BTS^to PO 

m& i c^tib^ 3 fc^-r t ^ 0 ; TAc^niaiw^ 'Cmrm* «t w« tt-vmmik 
/#MJt) it ASKiy y*r* b^ira^wTv^^-c, fct^ragjKHjjpufco 

, 443 ± 18 /*m 2 -e&*K Mfl?.WT^ 445 ± 15 M m 2 X~$>vtz) 0 miB^«45IF^ 
WiXit, ttMWTT V * (Dfem&MWM&ilK ASKiy *X-*M&#kfi (TAC^LS 

tL-cv»aiv>) •vtfxfcjfc^TfjFixJjtJnLfco 2emi*i#M^^>> ASKiy ? y~? 

«fc OWfcfifiifc f4 , ttMWTv * * -e^ L < it in L ^ ASK1 ;?^7")Fv^ 
t?{4, JtJpua:*»ofco 
[0 0 5 2] 

ASK17 y »T» h 4&#kg4jl% (n=4) TACljim(n=5) TAC4»^(n=5) 



#m (g) 30. 4 ±0.4 

'frttS (mg) 146 ±3 

(mg) 152 ±4 

JFJRSS (mg) 1470±50 

'k/MiJt 4.8±0.1 

»/Miifc 5.0±0.l 
Jff/#Sfiifc 49±1 

I^MMim^ (mm) 3.63±0.10 

&^J0lli*W@ (mm) 2.09±0.04 

tlfiSfiil (%) 42.4±2.1 
KIlSMtlli (mm) 0.78±0.03 



27.1±0.8 
193 ±13 

n. d. 

n. d. 
7.1±0.5 

n. d. 

n. d. 
3.76±0. 
2.24±0.07 
40.5±1.1 
1.00±0.07 



09 



29.9±0.6$ 

218±8* 

162±4t 
1310±50 

7.3±0.2*t 

5.4±0.1t 
44±1 
3.98±0.11t 
2.32±0.11t 
41.9±2.1T 

l..l±0.02*t 
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Wffl&l&n&mM (mm) 
'frffi (beats/min) 



0.78+0.04 
554 ±16 
feflk«4gtfe(n-3) 



0.91 ±0.03 
548 ±24 
TACHM&(n-4) 
26.2±0.2 
182 ±9 
n. d. 
n. d. 
6.9±0.3 
n. d. 
n. d. 
3.64±0.08 
2. 22 ±0.09 
39. 1±1.5 
0.92 ±0.04 
0.84±0.05 
541 ±16 



0.85±0. 03 

563 ±26 
TAC4»&(n-4) 
28.3±0.9 

253±17*t 

317±41* 
1350±140 

8.9±0. 3*$ 
11.1±1.1* 

47±3 
4.91±0. 19*$ 
4.01±0.23*t 
18.5±2. 1*$ 
0.85±0.08$ 
0.79 ±0.02 

548 ±30 



(g) 27.7±0.6 

'MS* (mg) 137 ±10 

Wfi* (mg) 143 ±7 

JfflUM (mg) 1360 ±90 

'LVttMJfc 5.0 ±0.3 

B/fcMMik 5. 2 ±0.2 
Bt/fcMMit 49 ±2 

£g$£3S*g)§@ (mm) 3.76±0.21 

feMUM^iffl® (mm) 2. 23 ±0.24 

MflSflttS^ (%) . 40.0±3.5 

ffiSKXB'^^RIM (mm) 0.73±0.01 

te36JB;££&gJ¥ (mm) 0.67±0.07 

>k1fa (beats/min) 541 ±26 



±K3t3*K ni±, t£#ifc£^tU ¥^±^l^?fLTV>S 0 n.d. 14, 

M5eLT^&v^ fc&^U *MU ft¥«OB-afif-av-?^|:JtL-CP<0. 05t 
**£fc*3EU 1 14, TACc0 4j1H^W^WT-7^^^MLT. P<0. 05t*4i 
fcfc^EU $(±> TACO laiHJ^ORI— JI^Mv^^KiSttt:. P<0. 0 5T?**£ 

[0 0 5 3] 

ttrl5Si&Mlt^^-e^4ai ^t^OASKl ;^7->l«v-)^J: WilTv * * 
■^TjfijftWJtfcatfcfrofco 01*8120*. ISKit. RIEIfciJ^-c, 

^n^ASKiy •^7">>v^^ o^ufe* «9 > EM#ttmwr* <? * & « * fc, 

#*fc*JV»"C\ Avh^y U * v y (HE) L 0 , t 

«rr/b'j^n-A^t^n-e*>), /t-tt* 5mm^^-f- 0 rasi^ti^K, IrflB 
ftt«04aWftWJ!SWTv>^<7>^R»4 N ASKl^^T* h X Outfit itmLXWb 

f|5^^tt60M^15loTftfe'btL7t^ ASKiy y^T^ hv^Xflt tfT£&RB£%li 

4 tfMJaHfciRiBy&Jftri^Ba ib ASKiy v *T*> Yi"yx OflrlB$aMHBJ*fci3 

[0 0 5 4] 

ASK1 ;?^79 1«v9^ O'tfC * <9 , £M^!&WTv * * <D («t * & 0 £ £ . &~ 
43V>T, Avh + yV >-^*^>(HE)&-feL*:-$0tf--?& 19 , /fcrtHOtf*. v ? V> 

rtHOiBIEBJiW*, 53-tfcLT«iH£*u ^om«j£ofl&{4, HfrlBWv^^^^M-eiwi 

[0 0 5 5] 

fttfllft & * fcHffiflT* 4 IT ASK1 ^^T^hv)^ O'fcJI -5 ftteft 
[0 0 5 6] 
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^aa^^-eiis ffif+Z>bmz&&htL&mkm&ffi&, -*« (double produ 
ct) LT*a£*U> 0 LVJRISEEfc'ktt^ SttJRie*ftiaiWCti, ASKiy y 27?? 

h7&* % 110.2±6.0 mmHg-e&oT, JtJMWT**, 108.2 + 2.8 mmHgtr* ^> fc c 'fr*fiW\ ASKl^ 
>y*7Tt>\i?^ 582±10/min tlioT, WRHWT**, 559±24/minT?* o fc) „ £<bK, 

&*>*mxm\ mW)ifcifeWfe&Km^tzmjo<o^*>xizi$\,*xmm-e$> *k aski^^t 

* 51.3±5.7»T?*IJ, *J , JRnrW> s p*&3&«, 49.1±4.9%T?*-3^o Lfctf* 

tZo 

I0 0 5 7] 

TkC!8kW.K£ *)mtkZ1iZ®M&3X hU^tt, TAC#* b 7 Ht, Silt* * EE* 

£.tlMffl% : %L< J#;6n$ ASKiy y*T* hv** fcfcN&WTv** fcT^T3ft*ISti 

fg*6<b*t&^o*: (ASK1 S y 97*7 Y 7&* N 55. 5±5. 7 mmHgTfc •? , *tflBWTj&*, 57.3±4.6 
mmHg"T?& o fc) o 
[0 0 5 8] 

£au *t"j > K*a«eift-cJilni-r* h - k#i-£Askii&*<£>$j*£M 

L£ 0 ^»jJR^t^f±TAC^Sm^T^h-^^^il*$tL^^momx-*^i6^ 
, TUNELT v -fe -f fcfflffl L/wo ASK1 y-^7^fv-)^h MISWTv ^Xh -Cjfctfc Lfcfe* 

*v>ti, TONELHHfcMBB&©8c. -f&*?*>, 7*"l-y^ttOil±, ASKiy^T^h 
•WXiZ&^X X «9 ttJKffTv **Kj3V>T*L< 111*11 Lfco i*:. TAC&H&O'njNEL 
»t&MHJ!&*±. £MfcHB£L-C*5!K -e<aikii. ASKIS y?7V h-WXX*) ttMWT 

[0 0 5 9] 

MieTUNELi^ttm^ii^m-e^-s-tfi, ^mm&izx *)mmL?z 0 ^<om^<o— 

[0 0 6 0] 

(ASKl * > i>- ft o fiHfrf fc ict^r^h-^^ (omm) 
ASK1 * ^ K 'k#5*ffllfe IIfiv>T7^ 1 — v'^S: »|#t? § S £ t £ 
, #&m<D'Wft*Bl&*43**U 'fi^fiS^f&tt^^MM^ASKl^ S(AdASK( AN)) * tz 
it pify? hisf-V (AdLacZ)£§&a-f"*7*7V ?>f Wfct)©^-^ 
J|MEj&*1 0 0OSMtlStlS*$^^o 12 4 {c^-r 0 04Aii, tfHB*^/l' 

04 AK^-fi & >K Sft^SOASKl^^/^KOiiiiJ^fi, ^iNBAftOM^«r9l 

HI4Bfi, miB->-r;i/^ii^4 8«FW^Oil«lia«:Hoechstlfe'feLfe»«a^ltT* 
/So 0 4 B K^-f *3 , i&ttS£*M«>ASKl^>/"«^|t©aiWf&il$-a:-CHocchst33258lfe 

IE* 1 0KLTit&ie^llMASKl*>^«£f§3iS«£, ^tt«llfett«l^:Lfeo 
[0 0 6 1] 

(;sttJifM&%&iK& i unAcam®. k * »t ^ aski ^ > ^ « coMtt-fk) 
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